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[57] ABSTRACT

The present invention relates to a product containing a
glass substrate and a transparent conductive layer made
of sub-stoichiometric metallic oxide coated with a me-
tallic oxide overlayer protecting the conductive layer
from oxidation. The indices of refraction of the two
layers and the geometric thickness of the overlayer may
be selected so as to offer a product which has a neutral

color under reflection. The invention also concerns
processes for obtaining said product.

32 Claims, No Drawings
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PROTECTIVE LAYER ON A CONDUCTIVE
SUBSTRATE

This application is a continuation of application Ser.
No. 07/837,936, filed on Feb. 20, 1992, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a product containing
a glass substrate supporting at least one thin conductive
layer of a metallic oxide and possessing low emissivity,
low resistivity, and transparency. The present invention
further relates to a process for obtaining said product by
application of pyrolysis techniques on organometallic
compounds, and to applications of this product.

2. Discussion of the Background

A glass substrate supporting at least one thin conduc-
tive layer of a metallic oxide and possessing low emis-
sivity, low resistivity, and transparency may be used in
many applications. For example, a glass substrate
coated with a low emissivity layer can be used to make
a window. By increasing the far infrared reflection
coefficient on the side of the window facing the inside
of the room, it is possible to reduce energy losses
through the window resulting from the leakage of radi-
ation from inside the room to the outside. Thus, persons
in the room may remain comfortable during the winter
at a lower energy cost. Furthermore, the efficiency of
an insulating double window may be increased by com-
bining a transparent substrate supporting a low emissiv-
ity layer with another transparent substrate and separat-
ing the substrates by means of a gas section, and posi-
tioning the low emissivity layer on the third surface,
counting from the outer surface.

A transparent substrate supporting a low resistivity
layer may be used as a windshield or heated rear win-
dow 1n an automobile by providing current feeds. In
addition, such a product can be used as a transparent
electrode in optoelectronic devices.

The thin layers exhibiting these properties are, for
example, layers of indium oxide doped with tin (ITO),
zinc oxide doped with aluminum, indium, or fluorine, or
tin oxide doped with fluorine. The metallic oxide layers
may be deposited on a glass substrate by several differ-
ent procedures. For example, by vacuum thermal evap-
oration, by cathodic spraying, by application of a mag-
netron, and by pyrolysis of organometallic compounds
sprayed in liquid, solid, or gaseous form on the surface
of the glass substrate and heated to a temperature lower
than the melting point of the glass substrate. The or-
ganometallic compounds placed in contact with a
heated surface decompose while oxidizing and form a
metallic oxide layer. Pyrolysis technigues have been
developed to such a state that the layer may be depos-
ited on the glass substrate in a line, such as a float line,
while the glass is transported at high speeds. While the
glass still exists as a continuous strip transported at a
given speed and temperature, “precursor’” organometal-
lic products are deposited using one or several nozzles
as the glass leaves the float bath. Sometimes the glass
leaving the float bath reaches speeds of 20 m/minutes.

It 1s believed the conductivity and low emissivity

properties of these layers are attributable, at least par-

tially, from oxygen gaps in the layers. However, if the
deposition is effected by pyrolysis, the glass continues
on the production line and passes through a reheating
drying frame which relaxes the stresses in the glass by
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controlling the decrease in the glass temperature. When
the metallic oxide layer comes into contact with the
surrounding air during these operations, it tends to oxi-
dize appreciably. Therefore, it is necessary to effect a
reduction annealing operation to maintain the oxygen
gaps 1n the layers. The reduction annealing operation
consists of removing the substrate containing layer from
the production line and allowing it to remain in a cham-
ber heated to approximately 450° C. under a reducing
atmosphere for a determinate period of time. The addi-
tional step poses numerous difficulties. It is considered a
recovery operation, thereby increasing the cost of pro-
duction by requiring additional equipment and a reheat-
ing of the glass. The reduction annealing operation
prohibits thermal treatments such as bending and tem-
pering performed before or after the annealing step. For
example, if air-hardening is carried out before the re-
duction annealing operation, the high temperature re-
quired by the reduction annealing operation could de-
stroy, or at least lessen, the effects of the glass-temper-
ing procedure. However, if tempering is performed
after the reduction annealing operation, air-hardening
which normally requires temperatures of at least 650° C.
could reoxidize the layer. Therefore, the discovery of a
method for thermally treating a glass substrate support-
ing at least one thin conductive layer of a metallic oxide
without the necessity of performing a reduction anneal-
Ing operation to preserve the high performance of the
layer would be quite useful.

Furthermore, metal oxide layers on a glass substrate,
in particular conductive low emissivity layers having
interferential thickness, exhibit a color under reflection
which 1s dictated by the thickness selected. For exam-
ple, an I'TO layer exhibits a blue color under reflection
when the thickness is 180 nm and a green color under
reflection when the thickness is 360 nm. A color is
assessed using two parameters. The length of the domi-
nant wave indicates the tone of the color. The purity,
expressed as a percentage, indicates the intensity of that
tone. If the purity is low, the color is not intense. If the
purity is high, the color is very vivid and can be repro-
duced using monochromatic light.

Because the tone of the color and/or the purity of the
color of a substrate under reflection may not be the tone
and/or purity desired, or may even be unacceptable for
a planned use, especially in the automotive industry
where strict aesthetic constraints apply, it is therefore
necessary to be able to control the color of a substrate
under reflection. For example, by incorporating a layer
having a specific composition and thickness, it is possi-
ble to obtain a quasi-neutral color under reflection. In
addition, slight variations in the thickness of a layer may
induce non-aesthetic iridescence.

To reduce interferential coloring under reflection, it
has been suggested to deposit at least one intermediate
layer on the substrate before depositing the conductive
layer. This intermediate layer is chosen so as to possess
a predetermined refraction index and geometric thick-
ness, so that the overall color under reflection incorpo-
rating these two layers approaches neutrality.

Conventional layers possessing a suitable refraction
index include metallic oxide- and metallic nitride-based
layers, and mixtures thereof. For example, aluminum
oxide may be combined with other oxides such as SnQ»,
Zn0O, Ti0y, etc., and silicon oxycarbide or oxynitride.
The intermediate layer may reduce the coloring under
reflection, but may entail manufacturing constraints.



5,387,433

3
SUMMARY OF THE INVENTION

Accordingly, one object of this invention is to pro-
vide a glass substrate coated with a metallic oxide layer
having low resistivity and low emissivity properties,
without having to carry out a treatment, such as a re-
duction annealing operation, to improve low resistivity
and low emissivity properties.

A further object of this invention is to produce a glass
substrate coated with a metallic oxide layer having low
resistivity and low emissivity properties and permitting
subsequent thermal treatments such as bending and/or
tempering, without harming the properties of said lay-
er-incorporating substrate and without requiring special
precautions, such as treatment under a reducing atmo-
sphere.

A further object of this invention is to control the
coloring under reflection of a glass substrate coated
with a metallic oxide layer having low resistivity and
low emissivity properties.

A further object of the invention is to produce a glass
substrate coated with a metallic oxide layer having low
resistivity and low emissivity properties and quasi-neu-
trality under reflection.

A further object of this invention is to provide a glass
substrate mcorporating at least one layer having inter-
ferential thickness without the appearance of defects
due to 1ridescence.

The product according to the invention comprises a
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glass substrate, a transparent conductive layer made of 30

a sub-stoichiometric metallic oxide, and a metallic oxide
overlayer which protects the conductive layer from
oxidation. The product may be manufactured by depos-
iting a metallic oxide overlayer on a conductive layer
coated glass substrate.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The conductive layer made of a sub-stoichiometric
metallic oxide possesses properties corresponding to
those obtained following a reducing annealing opera-
tion. The conductive layer is advantageously formed by
a doped metallic oxide, such as indium oxide doped
with tin (ITO), tin oxide doped with fluorine (SnO3:F),
zinc oxide doped with indium (ZnO:In), zinc oxide
doped with fluorine (ZnO:F), zinc oxide doped with
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45

aluminum (Zn0:Al), zinc oxide doped with tin

(ZnO:Sn), or mixtures thereof. The overlayer may con-
tain aluminum oxide (Al;QO3), titanium oxide (Ti103),
zinc oxide (ZnO), zirconium oxide (ZrQOj), chrome
oxide (Cry03), silica (Si03), or mixtures thereof. Prefer-
ably, the overlayer contains aluminum oxide.

The product preferably comprises a glass substrate
and two metallic oxide layers and possesses an emissiv-
ity which is less than or equal to 0.2. The overlayer
protects the conductive layer thereby preserving a state
of oxygen sub-stoichiometry in the conductive layer.
This sub-stoichiometry is important because it intensi-
fies the desired electronic properties of the conductive
layer. By applying an overlayer to protect the oxygen
sub-stoichiometry in the conductive layer, it becomes
possible to avoid the necessity of performing a reduc-
tion annealing operation on the conductive layer be-
cause its oxygen sub-stoichiometry is no longer threat-
ened by subsequent reoxidation.

The substrate coated with a conductive layer and an
overlayer can undergo any thermal treatment necessary
for bending and/or tempering purposes without damag-
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ing the properties of the conductive layer. This is par-
ticularly advantageous in the case of a conductive layer
made of ITO or doped ZnO which normally must be
subjected to a reducing annealing operation. As a result,
it becomes possible to foresee more diverse applications
of these layers.

To control the coloration under reflection of this
product and thereby obtam a window which is neutral

under reflection, a suitable choice of refraction indices
for the two layers must be made in accordance with the
invention. The optical thickness of the overlayer which
is defined as the product of the true thickness and the
refraction index of the layer under consideration must
be determined. By choosing an overlayer whose refrac-
tion index is less than that of the conductive layer, an
“index gradient” 1s created between the index of the
conductive layer, generally ranging between 1.8 and 2,

the index of the overlayer, advantageously chosen be-

tween 1.4 and 1.7, and the index of the ambient air,
which is 1. If an optical thickness value of the overlayer
corresponding to approximately one-quarter of the
wavelength of incident light averaged over the visible
spectrum and centered on 510 nm 1s chosen, a product
having a quasi-neutral color under reflection results and
can be quantified by a purity under reflection of less
than or equal to 10%. The direct consequence of obtain-
ing a product which has a quasi-neutral color under
reflection is that the likelihood of the presence of irides-
cence 1§ decreased. Neutral color under reflection is
advantageously achieved using a conductive layer pos-
sessing interferential thickness chosen from among
those previously mentioned, such as ZnO:In, ZnO:Al,
Zn0O:Sn, SnO,:F, whose refraction indices range be-
tween approximately 1.8 and 2. The refraction index of
the overlayer may be controlled by selecting a metallic
oxide alone whose refraction index ranges between 1.4
and 1.7 (1.e., aluminum oxide), or a suitable mixture of
metallic oxides. For example, a desired refraction index
may be obtained by mixing a metallic oxide having an
index greater than 2, such as Zr0O;, with another oxide
having a lower index, such as Al,O3 or Si0O»,. The ca-
pacity to produce a reflection-neutral product is very
advantageous because it becomes possible to foresee the
expanded range of uses this product may have i such
industries as the building, automotive, and electronics
industries.

The glass substrate may be selected based upon its
desired use. For example, a silico-sodo-calcic substrate
may be clear or colored in batches. Glass termed
“clear” may exhibit a high level of luminous transmis-
sion (T7) of approximately 90% for a thickness of 4 mm.
Glass colored in batches may be made of the glass called
“TSA” which contains FeyO3in a proportion by weight
of between approximately 0.55 to 0.62% and FeO in a
proportion by weight of between 0.11 to 0.16% provid-
ing an Fe?+/Fe3+ ratio of approximately 0.19 to 0.25,
and CoO 1n a proportion of less than 12 ppm, and pref-
erably less than 10 ppm. More highly colored glass
made of “TSA++” contains Fe>Os3 in a proportion by
weight of between approximately 0.75 and 0.9% and
FeO 1n a proportion by weight of between 0.15% and
0.22% providing an Fe?+/Fe3+ ratio of 0.2, and CoO
in a proportion of less than 17 ppm, and preferably less
than 10 ppm. The result is lower Tz, values of approxi-
mately 78% for a thickness of 3.85 mm for “TSA” glass,
and of approximately 72% for “TSA++> glass of the
same thickness.
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Whether greater importance 1s attributed solely to
the objective of a product which no longer requires a
reducing treatment subsequent to deposition of the con-
ductive layer and/or a product which can be subjected
to a bending/tempering-type thermal treatment, or
whether one wishes to achieve the additional objective
of a window having a neutral color under reflection,
any conventional procedure can be implemented for

deposition of these layers. As previously indicated,

vacuum techniques can be chosen to deposit both layers
or only one of them.
Pyrolysis techniques advantageously allow deposi-

tions to be made on the glass production line. Pyrolysis

may be employed to deposit both layers or only one
layer. It 1s necessary to protect the conductive layer by
means of the overlayer when the electronic properties
of the conductive layer have reached their optimal
state. This state is recognized when the metallic oxide is
doped and in a condition of oxygen sub-stoichiometry.
For example, a conductive layer of ITO that has just
been deposited by pyrolysis on a glass substrate leaving
a flotation bath is sub-stoichiometric. Its electronic
properties will be altered subsequent to this thermal
process if the glass 1s allowed to cool to ambient temper-
ature under an oxygen containing atmosphere, thereby
requiring the implementation of a reduction annealing
operation. Blocking the oxidation process by deposition
of an overlayer makes it possible to obtain a substrate

incorporating a conductive layer having high perfor-

mance levels and capable of undergoing any thermal
treatment, such as tempering, while potentially elimi-
nating the need for a reducing treatment.

The deposition of the conductive layer and that of the
protective overlayer are preferably carried out under
conditions not requiring a reduction annealing opera-
tion. They may also be separated over time when the
conductive layer 1s produced under conditions not re-
quiring the implementation of a reducing annealing

operation. This situation may result from the nature of

the conductive layer or from the method of its produc-
tion. For example, in the case of an ITO layer which
might be produced by deposition in a vacuum and
would not undergo the oxidation observed in pyrolysis
- techniques on a float line.

Preferably, two layers are obtained by effecting two
depositions by means of pyrolysis. These deposits are
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advantageously consecutive, thus minimizing the time

during which the conductive layer 1s in contact with the
atmosphere. To the extent that the properties of the
I'TO layer have deteriorated before coating, these prop-
erties are regenerated before deposition of the overlayer
by means of a suitable treatment. In the event the de-
posit of both the conductive layer and the overlayer is

effected by pyrolysis, the following 1s a disclosure of

useful *“precursor” organometallic compounds which,
when pyrolyzed, yield the desired metallic oxides.
However, it should be kept in mind that another pro-
duction process can be used, in particular any process
utilizing a vacuum. Accordingly, to obtain an ITO con-
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ductive layer by pyrolysis, a pulverulent mixture of 60

indium formate and dibutyltin oxide is preferably
chosen. If the conductive layer 1s made of SnO3:F, 1t
may be obtained by powder pyrolysis using powdered

dibutyltin oxide (DBTO) and gaseous, anhydrous

fluorhydric acid, as described in Patent FR-2 380 997,
and potentially using dibutyltin difluoride (DBTF)
mixed with DBTO, as described in Patents EP-A-178
956 and EP-A-039 256. It may also be obtained by py-
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rolysis in the gaseous phase, 1n particular using a mix-
ture of tin compounds such as (CH3); SnCly, (C4Hog)
SnCly, Sn(CyHs)s, and of organofluoride compounds
such as CClyF,, CHCIF; and CH3CHF>, as described in
Patent EP-A-027 403, or using monobutyltrichlorotin
and a compound corresponding to formula X CHF,,
such as chlorodifluoromethane, mentioned in Patent
EP-A-121 459. It may also be obtained by pyrolysis in
the liquid phase using tin acetylacetonate or dimethyl-
tin-2-propionate in suitable organic solvents, such as
those described, in particular, in Patent FR-2 211 411.

Layers of ZnO:In or ZnO:Al may be obtained by
pyrolysis in the vapor phase, using diethylzinc or zinc
acetate and triethylindium, indium chloride or triethyl-
aluminum, or aluminum chloride, as described in Patent
Application EP-A-385 769.

To produce an aluminum oxide (AlyO3)-based over-
layer, an organic aluminum compound having at least
one alcoholate function or at least one 8-diketone func-
tion can be pyrolyzed. Such an organic compound may
be based on one of the following products: aluminum
tri-isopropylate, aluminum tri-n-butyrate, aluminum
tri-ter butylate, aluminum tri-ethylate, and aluminum
acetylacetonate.

To form the layers according to the invention on the
glass substrate, in particular by pyrolysis of powder,
various conventional devices may be used, such as those
described in European Patent Applications EP-A-6 064,
125 153, 130 919, 188 962, 189 709, 191 258, and 329 519.
In general, to deposit a layer, use is made of a supply
nozzle positioned above the heated glass substrate to be
treated, in particular a glass strip in motion such as float
glass, either in the float bath itself or downstream from
this bath. In the case of powder pyrolysis, a nozzle
extending transversely over the entire width of the glass
strip is conventionally used. Said nozzle is fitted with a
cavity fed uniformly with powder in a gas suspension.
The powder is sprayed through the slit 1n the nozzle and
becomes pyrolyzed on the heated glass surface. In the
case of pyrolysis of precursors in liquid suspension, the
nozzle design 1s different. The nozzle is movable and
describes a transverse back-and-forth path in relation to
the glass strip. In the gaseous phase, also termed Chemi-
cal Vapor Deposition, or CVD, suitable nozzles are
described in French Patent 2 274 572.

The glass strip leaving the float bath is transported at
a speed normally ranging between 3 and 25 m/minutes.
Depositions by pyrolysis are effected at temperatures of
between 400° and 750° C., between 400° and 610° C.
outside of the float bath and over 610° C. inside the float
bath. In the event the depositions of layers are per-
formed consecutively using two pyrolysis steps,
whether in the solid, liquid, or gaseous phase, it is usu-
ally advantageous to position the two nozzles in prox-
imity to each other. This arrangement reduces the possi-
bility that the conductive layer may oxidize before de-
position of the overlayer. If the precursors of the two
layers are selected so that they have pyrolysis points
corresponding to those encountered on the float pro-
duction line and, furthermore, are very close together
when the two depositions are made consecutively, a
glass-reheating operation between the two deposition
operations 1s eliminated. However, care must be taken
to ensure that an excessively marked proximity between
the two nozzles does not cause an over-pronounced
interpenetration of the two streams. Such a phenome-
non could damage the homogeneity of the layers and
harm the interface between the layers.
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Other features of the invention will become apparent
in the course of the following descriptions of exemplary
embodiments which are given for illustration of the
invention and are not intended to be limiting thereof.

EXAMPLES 1 AND 2

The deposition of a conductive ITO layer was ef-
fected by pyrolysis of a powder composed of 90% by

welght of indium formate IN(CHO); and 10% by
weight of dibutyltin oxide (DBTO) on clear float glass 10
4 mm thick transported opposite the nozzle at a speed of

7 m/minutes and at a temperature of 625° C. The sup-
porting gas was air.

EXAMPLE 1

Thickness of ITO layer=360 nm

A reduction annealing operation was performed on
the substrate and I'TO layer by resting the substrate and
ITO layer for 30 minutes at 420° C. in an atmosphere
containing nitrogen and hydrogen in a ratio of 90/10.

Characteristics obtained: (where Ty is light transmit-
tance and Ry 1s luminous reflection and both were mea-
sured using Hluminant Dgs, ydomR is length of the
- dominant wavelength of the color under reflection and
indicates the tone of the color, P is the purity of the
color under reflection and indicates the intensity of the
tone, € 1s the emissivity, p is the resistivity, and R is the
resistance)

15

20

25

— 30

Tr = 78.9%

Ry = 149%
AdomR = 506 nm
P = 11.12%

€ = 0.08

5. 10—4 Q.

) green color under reflection

EXAMPLE 2

The substrate incorporating an ITO layer and having
undergone the reduction annealing operation according
to Example 1, was subsequently reheated in an oven to
650° C.

Characteristics obtained:
€0.45
R>50Q

It was found that a glass substrate containing an ITO
layer thereon without a protective overlayer possesses
relatively pronounced coloring under reflection and a
purity greater than 10%. To obtain a satisfactory emis-
sivity value, i.e., a value less than 0.2, a reduction an-
nealing operation is required. Thus, the low emissivity
and low resistivity properties are completely destroyed
if the unit is reheated so as to simulate a thermal treat-
ment such as bending and/or air-tempering.

EXAMPLES 3TO6

A conductive layer and an overlayer according to the
invention were deposited by two consecutive powder
pyrolysis operations under the same conditions. The
glass substrate was identical to that used in Example 1.
The I'TO conductive layer was obtained according to
the manner described in Example 1. The overlayer was
made of aluminum oxide Al»O3 and obtained by pyroly-
sis of aluminum tri-isopropylate (IPA). No reheating
step was performed between the two depositions.

EXAMPLE 3
Thickness of AlxO3 layer=100 nm

435
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Thickness of ITO layer=200 nm
Characteristics obtained:

Tr = 87.2%

Ry = 8.7%

AdomR = 524 nm
P=52%

e = 0.10
p=2-10"%Q.cm

} neutral color under reflection

Without performing a reduction annealing operation,
low emissivity and low resistivity properties absolutely
comparable to those in Example 1 were obtained for a
thinner ITO layer. Furthermore, from an optical stand-
point, performance is greatly improved because the
light transmittance is increased considerably. L.uminous
reflection and the purity of the color under reflection
simultaneously diminish appreciably, thereby providing
a neutral color under reflection.

EXAMPLE 4

The two layers deposited on the substrate in accor-
dance with Example 3 were subsequently reheated for 6
minutes in an oven at 650° C.

Characteristics obtained:
e=0.11.

This clearly demonstrates that the overlayer accord-
ing to the invention makes it possible to effectively
protect the conductive layer and to preserve its proper-
ties, in particular low emissivity, during a subsequent
thermal treatment.

EXAMPLE 5

Thickness of ITO layer=310 nm

Thickness of Al,O3 layer=70 nm

The substrate incorporating these two layers was
then reheated for 6 minutes in an oven at 650° C.

Characteristics obtained:

Tr = 86.9%

Ry = 10.5%
AdomR = 504 nm
P = 4.7%

e = 0.10
p=7%€.cm.

} neutral color under reflection

Here again, even after reheating, satisfactory elec-
tronic and optical performance was achieved, since the
layer-incorporating substrate possessed a neutral color
under reflection with a purity of less than 5%.

EXAMPLE 6

A procedure similar to Example 5 was performed
except that the thicknesses of the layers was changed.

Thickness of I'TO layer=280 nm

Thickness of AlLO3 layer=90 nm

Characteristics obtained:

T

Tr = 86.8%

Ry = 8.8%
AdomR = 525 nm
P = 6.6%

e = 0.10

p =78 -cm.

} neutral color under reflection



5,387,433

9

EXAMPLES 7 AND 8

The conductive layer was made of tin oxide doped
with fluorine (SnO,:F) and obtained by means of pyrol-
ysis of powder using DBTF on a substrate having the 5
same characteristics as those previously mentioned, and
under the same speed and temperature conditions.

EXAMPLE 7

There was no deposition of an overlayer. 10
Thickness of SnO3:F layer=360 nm
Characteristics obtained:
Tr = 76.4% 15
R; = 14.3%
AdomR = 537 nm } pronounced coloration under reflection
P = 13.5%
e = (0.22.

In the absence of an overlayer, it was thus found that 20
the substrate incorporating a layer of SnO;:F was very
highly colored under reflection, a situation which may
prove harmful with respect to its intended application.

EXAMPLE 8

A substrate having a layer of SnO7:F according to
Example 7 was covered with an overlayer of Al;O3
according to the invention by means of powder pyroly-
sis of IPA.

Thickness of SnO3:F layer=360 nm

Thickness of Al,O3 layer=_80 nm

Characteristics obtained:

25

30

35

} pronounced coloration under reflection
P = 2.6%

€ = 0.23.

It was discovered that the addition of an Al»O3 over-
layer increased the light transmittance, reduced the
luminous reflection, and reduced the purity under re-
flection considerably. The dominant wavelength was
conventionally negative in accordance with the chro-
matic diagram, thereby signifying that the tone would
fall in the purple range. The purity was so low that the
coloration was “washed with white” to a pronounced
degree providing a neutral color under reflection of
exceptional quality.

Obviously, numerous modifications and variations of
the present invention are possible in light of the above
teachings. It is therefore to be understood that within
the scope of the appended claims, the invention may be
practiced otherwise than as specifically described 55
herein.

What 1s claimed as new and desired to be secured by
Letters Patent of the United States is:

1. A process for manufacturing a product comprising
a glass substrate, a transparent conductive layer of an 60
oxygen substoichiometric metallic oxide on said glass
substrate and a metallic oxide overlayer which protects
the conductive layer from oxidation on said oxygen
substoichiometric metallic oxide, comprising:

a) depositing said conductive layer in its oxygen sub- 65

stoichiometric state on said glass substrate, and

b) depositing said metallic oxide overlayer on said

conductive layer while the metallic oxide of said
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conductive layer is in its oxygen substoichiometric
state,

said step b) not involving any reducing step of said

conductive layer,

thereby preserving the oxygen substoichiometry of

the conductive layer.

2. The process according to claim 1, further compris-
ing subsequently heat-treating said product without
oxidizing its conductive layer.

3. The process according to claim 2, wherein the
heat-treating comprises an annealing, bending or tem-
pering step, or a combination of these steps.

4. The process according to claim 1, wherein the
conductive layer comprises at least one doped metallic
oxide selected from the group consisting of indium
oxide doped with tin (ITO), zinc oxide doped with
indium (ZnO:In), zinc oxide doped with fluorine
(ZnO:F), zinc oxide doped with aluminum (ZnO:Al),
and zinc oxide doped with tin (ZnO:Sn).

5. The process according to claim 1, wherein the
overlayer comprises at least one metallic oxide selected
from the group consisting of aluminum oxide (Al,O3),
titantum oxide (T103), silica (Si03), zinc oxide (ZnO),
zirconium oxide (ZrO;) and chromium oxide (Cr03).

6. The process according to claim 1, wherein the
overlayer is an aluminum oxide-based overlayer.

7. The process according to claim 1, wherein the
conductive layer is obtained using a pyrolysis tech-
nique.

8. The process according to claim 1, wherein the
overlayer 1s obtained by using a pyrolysis technique.

9. The process according to claim 1, wherein the
product possesses an emissivity less than or equal to 0.2.

10. The process according to claim 1, wherein the
refraction index of the transparent conductive layer is
between 1.8 and 2, and the refraction index of the over-
layer is between 1.4 and 1.7.

11. The process according to claim 1, wherein the
refraction indices and optical thicknesses of the layers
are selected in such a way that the product possesses a
purity under reflection which is less than or equal to
10%.

12. The process according to claim 1, wherein the
refraction indices and optical thicknesses of the layers
are selected 1n such a way that the product possesses a
purity under reflection which is less than or equal to
6%.

13. The process according to claim 1, wherein the

thickness of the overlayer ranges between 50 and 120
nm

14. The process according to claim 1, wherein the
thickness of the overlayer ranges between 80 and 100
nm.
15. The process according to claim 1, wherein said
conductive layer 1s coated with a metallic oxide over-
layer having a refraction index less than that of the
conductive layer and having an optical thickness ap-
proximately equal to one-quarter of the wavelength of
the incident light averaged over the visible spectrum
and centered on 510 nm, so that the product has a neu-
tral color under reflection.

16. The process according to claim 14, wherein the
transparent conductive layer comprises at least one
doped metallic oxide selected from the group consisting
of indwum oxide doped with tin (ITO), tin oxide doped
with fluorine (SnO;:F) and zinc oxide doped with in-
dium (ZnO:In), zinc oxide doped with fluorine
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(ZnO:F), zinc oxide doped with aluminum (ZnQO:Al)
and zinc oxtde doped with tin (ZnO:Sn).

17. The process according to claim 14, wherein the
overlayer comprises at least one metallic oxide selected
from the group consisting of aluminum oxide (Al,O3),
titanium oxide (TiO2) zinc oxide (Zn0O), zirconium
oxide (Zr(02) and chromium oxide (Cr203).

18. The process according to claim 14, wherein the
overlayer comprises chromium oxide (Cr2Q3) and silica
(5103).

19. The process according to claim 14, wherein the
overlayer is an aluminum oxide-based overlayer.

20. The process according to claim 14, wherein the
conductive layer is obtained using a pyrolysis tech-
nique.

21. The process according to claim 14, wherein the
overlayer i1s obtained by using a pyrolysis technique.

22. The process according to claim 14, wherein said
product possesses an emissivity less than or equal to 0.2.

23. The process according to claim 14, wherein said
product is subjected to a bending/tempering thermal
cycle subsequent to deposition of the overlayer.

24. The process according to claim 14, wherein the
refraction index of the transparent conductive layer is
between 1.8 and 2, and the refraction index of the over-
layer 1s between 1.4 and 1.7.

28. The process according to claim 14, wherein the
refraction indices and optical thicknesses of the layers
are selected in such a way that the product possesses a
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purity under reflection which is less than or equal to
10%.

26. The process according to claim 14, wherein the
refraction indices and optical thicknesses of the layers
are selected in such a way that the product possesses a
purity under reflection which is less than or equal to
6%.

27. The process according to claim 14, wherein the
thickness of the overlayer ranges between 50 and 120
nm.
28. The process according to claim 2, further com-
prising depositing the conductive layer and the over-
layer on the glass substrate by two pyrolysis operations
carried out with organometallic compounds.

29. The process according to claim 14, wherein the
aluminum oxide overlayer is deposited by pyrolysis of
an organic aluminum compound possessing at least one
alcoholate or B-diketone function.

30. The process according to claim 28, wherein the
organic aluminum compound is selected from the group
consisting of aluminum tri-isopropylate, aluminum tri-n-
butylate, aluminum tri-t-butylate, aluminum tri-ethylate
and aluminum acetylacetonate.

31. The process according to claim 14, wherein the
depositions of the layers by means of pyrolysis occur
consecutively.

32. The process according to claim 2, wherein at least
one of the layers is deposited by means of a vacuum

process.
e % k¥
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